ABSTRACT Heart rate and central venous blood temperature (CVT) were measured in 31 people with different exercise capacities by means of a thermistor intergrated into a lead that was placed in the right ventricle. Bicycle ergometric and treadmill stress tests with increasing workloads were performed. The maximum increase in CVT with ergometric exercise was found to be 1.30 C at 250 W in healthy young volunteers and 1.00 C at 125 W in cardiac patients. Despite a relatively greater increase in CVT in the elderly patients compared with the volunteers, the correlation between the increase in CVT and that in heart rate at the end of each exercise stage was found to be very high (r = .9693 in volunteers and r = .9864 in cardiac patients), independent of physical fitness. Even with everyday activities such as walking there was a marked increase in CVT. Due to its close relationship to human metabolism, CVT represents a good parameter for physiologic control of pacing rate. Circulation 73, No. 6, 1206-1212, 1986 INDICATIONS for pacemaker therapy have been steadily expanding in recent years. More and more pacemakers are now implanted, not only for the purpose of prolonging life, but also with the aim of optimizing the quality of the patient's daily life. Therefore, one of the basic requirements of pacing is that it adapt cardiac output in relationship to metabolic needs. Although pacemakers capable of adjusting heart rate according to changes in atrial rate were suggested more than 20 years ago, presently more than 70% of patients receiving so-called physiologic pacemaker systems have no or only inadequate adjustment of heart rate with exercise. Since an increase in cardiac output with exercise is determined mostly by an increase in heart rate, the current forms of physiologic pacing will provide major benefits with respect to exercise performance only in patients with regular sinus function and an exercise-induced rate increase. In patients with little or no acceleration of heart rate, physiologic pacing will be more beneficial with respect to restoration of normal resting hemodynamics' 2 than improvement of exercise performance. Therefore, the need for physiologic input signals to drive pacing rate is evident. Some parameters like oxygen saturation,3 QT interval,4 re- While body temperature with exercise has been studied in dogs8 9 and in man extensively as rectal and esophageal temperatures,"'-" little is known about the behavior of intracardiac temperature in people with different exercise capacities. We therefore studied intracardiac temperature at different workloads in volunteers with fair-to-excellent exercise capacities and in elderly patients with cardiac pacemakers. The aim of our study was to determine what parameters would influence changes in body temperature with exercise and to observe their relationship to heart rate. We studied how the absolute or relative metabolic rate would determine the increase in temperature and to what extent the slope of temperature incline was dependent on individual parameters.
INDICATIONS for pacemaker therapy have been steadily expanding in recent years. More and more pacemakers are now implanted, not only for the purpose of prolonging life, but also with the aim of optimizing the quality of the patient's daily life. Therefore, one of the basic requirements of pacing is that it adapt cardiac output in relationship to metabolic needs. Although pacemakers capable of adjusting heart rate according to changes in atrial rate were suggested more than 20 years ago, presently more than 70% of patients receiving so-called physiologic pacemaker systems have no or only inadequate adjustment of heart rate with exercise. Since an increase in cardiac output with exercise is determined mostly by an increase in heart rate, the current forms of physiologic pacing will provide major benefits with respect to exercise performance only in patients with regular sinus function and an exercise-induced rate increase. In patients with little or no acceleration of heart rate, physiologic pacing will be more beneficial with respect to restoration of nor-spiratory rate,5' 6 activity sensing,7 and temperaturesl°h ave been suggested in the past.
While body temperature with exercise has been studied in dogs8 9 and in man extensively as rectal and esophageal temperatures,"'-" little is known about the behavior of intracardiac temperature in people with different exercise capacities. We therefore studied intracardiac temperature at different workloads in volunteers with fair-to-excellent exercise capacities and in elderly patients with cardiac pacemakers. The aim of our study was to determine what parameters would influence changes in body temperature with exercise and to observe their relationship to heart rate. We studied how the absolute or relative metabolic rate would determine the increase in temperature and to what extent the slope of temperature incline was dependent on individual parameters.
Patients and methods
Fourteen healthy volunteers (23 to 44 years old) and 17 elderly patients with cardiac pacemakers (47 to 82 years old) were studied. Five of the volunteers and seven of the patients were women. All of the subjects were informed as to the nature, purpose, and possible risks involved in the study before giving their voluntary consent to participate.
A custom-made No. 5F polyurethane isolated lead with a thermistor integrated into the lead 5 cm behind the top of the electrode ( figure 1) marker events were recorded continuously. Accuracy of temperature measurement was within 1/loo of a degree centigrade. Temperature was registered in steps of 2/loo of a degree centigrade. The catheter and thermistors were calibrated to measure absolute temperatures. Deviations were found to be less than 0.10 C absolute temperature within different leads. Due to the low mass of the thermistor and the thin layer of insulation, temperature response was found to be very fast (less than 1 sec). Except for the development of one local thrombophlebitis, all tests in this study were performed without complications.
Lead position was confirmed by fluoroscopy at the beginning and end of the study. An Edwards cardiac output computer was used as an additional check on temperature. Data were processed with an Apple computer with the capability for graphic and alphanumeric presentation. All pacemaker to the VDD mode once again, and heart rate rose from 70 to 115 beats/min.
Discussion
Each external workload represents a certain rate of oxygen uptake and metabolic cost. Since the ratio of mechanical energy to heat production in hormonally healthy people is independent of individual factors, 22 4% of the total metabolic energy is used for mechanical work and 78 ± 4% is turned into heat. Therefore, heat production at identical workloads is the same in well-trained and unfit persons. However, there is a relatively greater increase in temperature in cardiac patients because impaired cardiac output restricts ability to dissipate heat by increasing skin circulation. '4 Body temperature rises until heat dissipation equals the rate of heat production. This new plateau depends on the maximum aerobic capacity,15 as demonstrated by our results not only with different subjects, but also within the same individual. Since the data presented in figures 6 to 9 were obtained in only one volunteer and one patient, care must be taken in generalizing these observations to others. However, our results in a larger group of patients with pacemakers during repetitive exercise tests performed during two different modes of 1210 stimulation (VVI and VDD) showed a significant difference in temperature rise at identical workloads, as described above. These results have been described in detail. * This principle of a negative feedback of heart rate and temperature represents an important feature in a temperature-driven pacemaker system. Harmful positive feedback (which is conceivable with a respiratory rate-driven pacemaker6 under conditions of pulmonary congestion) is impossible with a temperature-controlled pacemaker.
In contrast to another report,'0 we found that even with activities like walking there was a clear increase in CVT. This might be due to the position of our thermistor. In the previous study the thermistor was situated in the high right atrium, while we placed it at the right ventricle to achieve a good mixture of blood of various temperatures. During an additional treadmill test we also measured temperature at the high right atrium and found a marked delay between the onset of exercise and the increase in temperature. Since with leg work heat will be transported with blood that 
